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Purpose: The purpose of this study was to determine the relationship between admission 
and postoperative platelet count (PC) and mortality and morbidity rates after emergency 
surgery for ruptured abdominal aortic aneurysm (AAA). 
Methods: We performed a case record review of 65 consecutive patients admitted with 
ruptured AAA. 
Results- Five patients did not undergo peration because of poor clinical condition, 12 
patients died at operation, 13 patients died after operation, and 35 patients urvived 
(operative mortality rate of 58%). Fifteen patients had an admission PC of less than 
150 × 109/L, of whom 14 (93%) died; 27 patients had an admission PC of 150 to 
250 x 109/L, of whom 8 (30%) died; and 18 patients had an admission PC of greater than 
250 x 109/L of whom 3 (17%) died. At the end of operation 29 patients had a PC of less 
than 100 x 109/L, of whom 13 (45%) died, 20 (69%) had development of multiorgan 
failure (MOF), and 6 (21%) required relaparotomy for bleeding complications. By 
contrast, all 19 patients having a PC of 100 x 109/L or greater at the end of the operation 
survived, three (16%) had development of MOF, and none required further surgery for 
bleeding. There was a significant inverse correlation between PC at the end of the 
operation and the number of postoperative days spent on a ventilator, in the intensive 
therapy unit, and in hospital. After operation, 15 patients had development of 
thrombocytosis (PC > 400 x 109/L), of whom 10 had development of deep venous 
thrombosis and 8 had development ofpulmonary embolism. There were no deep venous 
thromboses or pulmonary embolisms in patients who did not have development of a 
postoperative thrombocytosis. 
Conclusions" There is a direct correlation between PC on admission to the hospital and 
death after emergency repair of ruptured AAA. Thrombocytopenia at the end of the 
operation is associated with a high risk of morbidity from continuing hemorrhage or 
MOF. The development ofpostoperative thrombocytosis is associated with a high risk of 
thromboembolic complications. PC provides a simple marker of outcome in patients 
diagnosed with and undergoing operation for ruptured AAA. (J VAse SURG 
1995;21:484-91.) 
In the United Kingdom ruptured abdominal 
aortic aneurysm (AAA) is estimated to cause 1% to 
2% of deaths in men over the age of 65 years. Even 
with optimal surgical care the operative mortality rate 
is 30% to 70%, and without surgical intervention the 
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condition is universally fatal. 1 Nevertheless, assurvi- 
vors are returned to a normal life expectancy, 2 it is 
important that as many patients as possible are 
offered operation and that morbidity and mortality 
rates are kept to a minimum. Most deaths and 
morbidity are due to continued hemorrhage, mul- 
tiorgan failure (MOF), thromboembolic disease, and 
myocardial infarction. There is evidence to suggest 
that disseminated intravascular coagulation (DIC), 
with its hemorrhagic and thrombotic effects, may be 
central to the development of  these complications? 
Previous work from this unit has suggested that 
established DIC on admission to the hospital is 
associated with markedly increased operative mortal- 
ity rates in this group of patients. 4 The aim of this 
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Table I. Operative details of survivors and nonsurvivors 
Median (range) Nonsurvivors (n = 25) Survivors (n = 35) p Value s 
Systolic blood pressure at induction 85 60-113) 110 (60-210) p < 0.03 
(mm Fig) 
Total operating time (min) 170 90-320)t 120 (65-210) p < 0.05 
Total clamp time (min):~ 90 45-140)t 45 (35-130) p < 0.002 
Estimated operative blood loss (ml) 6200~ (2500-9000) 3350 (1000-8800) p < 0.05 
*Mann-Whitney U test. 
tDoes not include those patients who died during their operation. 
STaken as time from placement of aortic clamp to removal of clamps to both legs. 
Table II. Postoperative morbidity in survivors and nonsurvivors 
No. of patients/procedures Operated nonsurvivors (n = 13) Survivors (n = 35) 
Respiratory failure 8 12 
Kidney failure 6 4 
Dialysis required 5 3 
Total parenteral nutrition 1 1 
Enteral nutrition 3 11 
Postoperative h morrhage 8 5 
Second operative procedure (no. of patients) 7 5 
Second operative procedure (no. of procedures) 
Relaparotomy for bleeding 5 1 
Endoscopy for GI bleeding - 1 
Embolectomy/thrombectomy 2 2 
Wound drainage (infection) - 1 
Fasciotomy - 1 
Above-knee amputation - 1 
Resuturing of wound - 1 
Colectomy (ischemia) - 1 
Tracheostomy 1 1 
G/, Gastrointestinal. 
study was to extend this work by examining the 
relationship between admission and postoperative 
platelet count (PC) and mortality and morbidity rates 
after emergency surgery for ruptured AAA. 
PATIENTS AND METHODS 
The case records of 65 patients admitted to 
Raigmore Hospital with ruptured AAA between 
October 1, 1988 and September 30, 1993 have been 
reviewed. Demographic data, operative details, the 
results of admission and postoperative PC and 
coagulation studies, as well as information relating to 
postoperative morbidity and death, have been ob- 
tained. Raigmore Hospital serves a population of 
approximately 200,000 spread widely across North- 
west Scotland and the Hebrides and acts as a regional 
referral center for vascular surgery. Four consultant 
surgeons performed or directly supervised the opera- 
tions. Rupture was confirmed at laparotomy in all 
cases, and patients diagnosed with acute symptom- 
atic but nonruptured aneurysms were excluded. 
Statistical analysis of unpaired, nonparametric data 
was performed by means of the Mann-Whitney 
U-test. Analysis of nonpaired, normally distributed 
data was by means of t testing. For tests of 
association, "best-fit" lines were calculated by means 
of linear regression analysis by use of the method of 
least squares. Correlation coefficients were calculated 
by product moment correlation (Pearson's coefficient 
of correlation) or by Spearman's rank correlation. 
Significance l vels were determined by means of the 
t-test.5 
RESULTS 
Five patients were not offered operation because 
of poor clinical condition (refractory hypotension 
and unconsciousness) on presentation to hospital and 
are excluded from further analysis. Twelve patients 
died intraoperatively of uncontrolled hemorrhage or
cardiac arrest, and 13 patients died after operation of 
continued hemorrhage orMOF. Thirty-five patients 
were discharged from the hospital, resulting in an 
overall operative survival rate of 58%. Patients who 
did not undergo peration were significantly older 
than those who did (mean 89.0 + 4.2 SD versus 
70.1 -+ 6.2 years SD; p < 0.03, Mann-Whitney 
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Fig. 1. Platelet count (× 109/L) in patients urviving operative repair of ruptured abdominal 
aortic aneurysm; A indicates preoperative platelet count; B indicates platelet count at end of 
operation, lines denote median, maximum, and minimum; horizontal lines show upper and lower 
limits of normal range. 
Table II I .  Coagulation parameters and platelet count in operated survivors and nonsurvivors 
Median (range) Nonsurvivors (n = 25) Survivors (n = 35) p Value* 
Preoperativet 
Prothrombin ratio 1.7 (1.1-2.7) 1.1 (1.0-1.5) p < 0.0003 
Activated partial thromboplastin ratio 1.9 (1.0-4.6) 1.1 (1.0-1.5) p < 0.004 
Fibrinogen (gm/L)$ 1.5 (0.9-4.3) 3.8 (2.3-7.9) p < 0.001 
Platelet count (x 109/L)§ 149 (60-381) 254 (97-417) p < 0.002 
PostoperativeH 
Prothrombin ratio 1.8 (1.4-3.0) 1.3 (1.0-2.2) p < 0.001 
Activated partial thromboplastin ratio 1.9 (1.3-5.0) 1.2 (1.0-4.1) p < 0.001 
Fibrinogen (gm/L)¢ 1.7 (0.9-5.2) 2.8 (0.9-9.2) NS 
Platelet count (x 109/L)§ 54 (34-147) 106 (42-249) p < 0.0007 
*Mann-Vffhitney two-sample test. 
tPreoperative platelet counts performed on all patients, preoperative clotting screen performed on 15 patients. 
~Normal range 1.5-4.0 gm/L. 
§Normal range 150 to 400 x 109/L. 
[[Postoperative values were obtained on all patients atthe end of the operation and therefore does not include those patients who died 
during surgery. 
NS, Not significant. 
U-test). There was no significant difference in age 
between patients in the other three groups. The op- 
erative details and morbidity of survivors and nonsur- 
vivors of operation are compared in Tables I and II. 
No patient was receiving anticoagulants on admis- 
sion, and no patient received intraoperative systemic 
heparin. 
Admission and postoperative coagulation param- 
eters and PC in survivors and nonsurvivors of opera- 
tion are shown in Table III. There was a direct rela- 
tionship between admission PC and the overall mor- 
tality rate. Fifteen patients who tmderwent operation 
had an admission PC less than 150 x 109/L (normal 
range 150 to 400 x 109/L), of which only one, with 
a PC of130 x 109/L, survived, resulting in an opera- 
tive mortality rate of 93% in this group of patients. 
No patient with an admission PC less than 
100 x 109/L survived. Twenty-seven patients who 
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Fig. 2. Platelet count ( x 109/L) in patients dying after operation after repair of ruptured 
abdominal ortic aneurysm. A indicates preoperative platelet count; B indicates platelet count 
at end of operation; C indicates primary cause of death as coagulopathy; OF indicates primary 
cause of death as organ failure; horizontal lines show upper and lower limits of normal range. 
underwent operation had an admission PC of 150 to 
250 × 109/L, of whom eight (30%) died, and 18 
patients who underwent operation had an admission 
PC greater than 250 × 109/L, of whom only three 
(17%) died. Only two of five patients who did not 
undergo peration had admission PC performed be- 
cause of the poor clinical status on arrival in the 
emergency room; both measured PC were less than 
150 x 109/L. 
Thrombocytopenia at the end of operation on 
admission to the intensive therapy unit also predicted 
mortality and morbidity rates. At the end of the op- 
eration 29 patients had a PC less than 100 x 109/L. 
Of these, 13 (45%) died, 20 (69%) had development 
of MOF, and 6 (21%) required relaparotomy for 
bleeding complications. By contrast, all 19 patients 
having a PC of 100 x 109/L or less at the end of the 
operation survived, only three (16%) had develop- 
ment of MOF, and none required further surgery for 
bleeding. Patients with development of MOF had 
significantly lower PC at the end of operation than 
those survivors who did not (median 146, range 75- 
249, versus median 76, range 42 to 186 x 109/L, 
p < 0.001 by Mann-Whitney U-test). There was no 
significant difference in the preoperative PC be- 
tween these two groups. There was a significant 
inverse correlation between the PC at the end of 
the operation and the number of postoperative days a 
ventilator was used (Fig. 1), the number of days spent 
in the intensive therapy unit (Fig. 2), and the total 
postoperative stay in the hospital (Fig. 3). 
After operation, survivors quickly returned to or 
had maintained a normal PC. By contrast, in nonsur- 
vivors, where death was predominantly due to con- 
tinued hemorrhage, PC remained very low until the 
time of death. In nonsurvivors dying of MOF, the PC 
had usually returned toward the normal range by the 
time of death (Fig. 4). After operation, 15 patients 
had development of thrombocytosis (PC > 400 x 
109/L) (Fig. 5). Of these, 10 (29% of survivors) had 
development of deep venous thrombosis (DVT) of 
the leg. Eight of these 10 patients (23% of survivors) 
also had development of pulmonary embolus (PE). 
All DVT and PE were initially diagnosed clinically, 
but in all cases this diagnosis was confirmed by duplex 
ultrasonography, venography, or ventilation/per- 
fusion scanning. There were no DVT or PE in the 20 
survivors whose PC remained below 400 x 109/L 
during the postoperative p riod. There was a signifi- 
cant correlation between the postoperative day 
(POD) on which the DVT was diagnosed (median 
10, range 7 to 22 POD) and the POD on which the 
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Fig. 3. Correlation between days ventilated and platelet count (x 109/L) at end of operation 
to repair uptured AAA, Pearson's correlation coefficient r 2= 0.2, p < 0.05. 
PC first exceeded 400 x 109/L (median 11, range 
4 to 30 POD, r 2 = 0.79, by Spearman rank correla- 
tion, p < 0.01). There was also a significant correla- 
tion between the POD on which the DVT was diag- 
nosed and the day on which the maximum postoper- 
ative PC (median 523, range 416 to 728 x 109/L) 
was attained (median 15, range 7 to 33 POD, 
r 2 = 0.80 by Spearman rank correlation, p < 0.01). 
DISCUSSION 
DIC is a clinical and laboratory phenomenon 
characterized by consumption of platelets and clot- 
ting factors, secondary activation of fibrinolysis, and 
the generation of substances that inhibit coagulation 
arid platelet function. In addition to diffuse hemor- 
rhage, widespread deposition of fibrin thrombi in the 
macrocirculation and microcirculation may cause 
thromboembolic complications and MOF, respec- 
tively. It has been observed for some time that 
dissecting 6,7 and even asymptomatic aneurysms, s12 
particularly those involving the thoracic aorta, may 
be associated with a chronic form of DIC that usually 
resolves after successful surgical repair) 3'14 In such 
patients not only may the total number of circulating 
platelets be reduced, but those platelets remaining 
may be dysfunctional, is The commonly observed 
tendency for bleeding in patients undergoing surgery 
for aortic rupture may therefore be an acute-on- 
chronic phenomenon, with the effects of shock 
exacerbating a premorbid consumption of platelets 
and clotting factors by thrombus contained within 
the aneurysm sac. 162° DIC may also be observed after 
elective aneurysm repair. 21 For example, we have 
observed that admission PC in patients admitted for 
elective AAA repair are significantly lower than 
admission PC of an age- and sex-matched population 
admitted for operation for occlusive arterial disease 
(data in preparation). 
In a recent study from this unit, Davies et al. 4 
reported that patients diagnosed with ruptured AAA 
in association with established DIC had a very poor 
prognosis compared with patients in whom these 
parameters were normal. In this study we have 
confirmed and extended these observations by exam- 
ining not only preoperative but also, to our knowl- 
edge for the first time, postoperative trends in PC. 
Not only is admission PC highly predictive of death, 
but postoperative thrombocytopenia is associated 
with death and major postoperative complications, 
particularly continued hemorrhage and MOF. 22 
This study has also shown for the first time that 
40% of patients who survive emergency surgery for 
ruptured AAA have development of a postoperative 
thrombocytosis (PC > 400 x 109/L) that persists in 
some cases for several weeks. Many of these patients 
were discharged with high PC, and it is not possible 
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Fig. 4. Correlation between days in intensive therapy unit and platelet count (x 109/L) at end 
of operation to repair uptured AAA, Pearson's correlation coefficient / = 0.2, 2o < 0.05. 
to determine from these data how long the throm- 
bocytosis might persist. Thrombocytosis i very 
strongly associated with the development of clinically 
significant macrovascular thromboembolic complica- 
tions such as DVT and PE. Thus, of 20 patients with 
development of a thrombocytosis, 10 had develop- 
ment of DVT, and 8 of these 10 had development of 
PE. There were no clinically apparent DVT or PE in 
patients who did not have development ofa postop- 
erative thrombocytosis. In addition, there was a 
significant association between the onset of throm- 
bocytosis and the development of thromboembolic 
complications. Unfornmately, we have no informa- 
tion about whether patients in either group had 
development of significant thromboembolic disease 
after discharge or, because all the DVT and PE in this 
study were clinically apparent, how many patients 
might have had development ofasymptomatic post- 
operative thrombosis. Both of these areas are being 
studied at this time by performing routine postop- 
erative duplex ultrasonography of leg veins and by 
monitoring patients after discharge. 
The cause of thrombocytopenia and thrombocy- 
tosis in these patients is unknown and is currently a
subject of investigation in this department. As 
discussed above there is evidence that the thrombus 
contained within the aneurysm sac is a source of 
cytokine production and a site of deposition for both 
platelets and coagulation factors. Thus patients with 
aneurysm disease may exhibit features of a low-grade, 
subclinical DIC on objective hematologic testing. At 
present we are examining whether the low PC seen in 
patients admitted for elective AAA repair is associ- 
ated with an increase in the proportion of immature 
forms within the circulation and an increase in bone 
marrow production. Shock from any cause is well 
known to cause DIC, but in patients with ruptured 
AAA, because the effects of shock may be already 
superimposed on a "primed" system, its effects may 
be exaggerated. A severe coagulopathy that is out of 
proportion to the degree of blood loss and hypoten- 
sion may therefore develop. The cause of postoper- 
ative thrombocytosis is also unknown, although it 
may be a continued response to increase preoperative 
production; that is, after operation, although plate- 
lets are no longer being consumed within the 
aneurysm sac, the bone marrow continues to produce 
increased numbers of platelets. Another possibility is 
that it is a stem cell response to cytokines, such as 
interleuldn-6, produced in the perioperative p riod as 
part of the stress response to rupture and surgery. 23 
From a practical point of view, however, this 
study indicates that patients diagnosed with ruptured 
AAA should be assumed to have a coagulopathy and 
that a full blood count and full clotting screening be 
performed on admission. Fresh frozen plasma and 
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Fig. 5. Correlation between postoperative stay in hospital and platelet count ( × 109/L) at end 
of operation to repair uptured AAA, Pearson's correlation coefficient r a = 0.3, p < 0.01. 
platelets hould be ordered as a routine in addition 
to blood for all patients. If the admission platelet 
count is less than 150 × 109/L or tests of clotting 
are deranged, plasma, or platelets hould be given 
immediately after aortic cross-clamping. If  the PC 
is still low at the end of the operation, then further 
platelet transfusions hould be considered. After 
successful repair it should be remembered that, in 
addition to continued hemorrhage, thromboem- 
bolic phenomena re frequent and important com- 
plications in this group of patients, especially if the 
patient has had development of a postoperative 
thrombocytosis. In the absence of concerns about 
peripheral vascular disease, mechanical measures 
such as thromboembolic stockings and possibly 
pneumatic compression devices should be used 
routinely. Low-dose heparin therapy should be 
instituted as soon as possible after operation in the 
absence of contraindications such as continued hem- 
orrhage. 
As a result of these and earlier studies, we are 
currently examining whether, in addition to derange- 
ments of platelet number, abnormalities of function 
in the remaining platelets can be demonstrated in 
these patients. By understanding the mechanisms of 
platelet depletion and dysfunction, it is hoped that 
morbidity and death after operative repair of rup- 
tured AAA can be reduced. 24-3° 
We thank Mr. Baker, Mr. Munro, Mr. Logie and Mr. 
Walsh for allowing us to study their patients. 
REFERENCES 
1. Ernst CB. Abdominal aortic aneurysm. N Engl J Med 
1993;328:1167-72. 
2. Stonebridge PA, Callam MJ, Bradbury AW, Murie JA, Jenkins 
AMcL, Ruckley CV. Comparison of long-term survival 
following successful ruptured and non-ruptured abdominal 
aortic aneurysm repair. Br J Surg 1993;80:585-6. 
3. Milne AA, Davies MJ, Murphy WG. Complex acquired 
coagulopathy in surgical patients. Curt Pract Surg 1994;6: 
121-8. 
4. Davies MJ, Murphy WG, Murie JA, Elton RA, Bell K, Gillon 
J, Jenkins AMcL, Ruckley CV. Pre-operative coagulopathy in 
ruptured abdominal ortic aneurysms predicts poor outcome. 
Br J Surg 1993;80:974-6. 
5. Colton T. Statistics in medicine. Boston: Little, Brown and 
Company, i974. 
6. Fine N, Applebaum J, Egluazabal A. Multiple coagulation 
defects in association with dissecting aneurysm. Arch Intern 
Med 1967;119:522-6. 
7. Scott J, Humphreys DR. Dissecting aortic aneurysm and 
disseminated intravascular coagulation. Br Med J 1977;1: 
24. 
8. Schnetzer GW, Penner JA. Chronic intravascular coagulation 
syndrome associated with atherosclerotic aortic aneurysm. 
South Med J 1973;66:264-8. 
9. Biegler R, Vrecken J, Stibbe J, et al. Arterial disease as a cause 
of consumptive coagulopathy. N Engl }" Med 1971;285: 
152-4. 
10. Fisher DF, Yawn DH, Crawford ES. Pre-operative dissemi- 
nated intravascular coagulation associated with aortic aneu- 
JOURNAL OF VASCULAR SURGERY 
Volume 21, Number 3 Bradbury et al. 491 
rysms: a prospective study of 76 cases. Arch Surg 1983;118: 
1252-5. 
11. Goto H, Kimoto A, Kawaguchi H, et al. Surgical treatment 
of abdominal aortic aneurysm complicated with chronic 
disseminated intravascular coagulopathy. J Cardiovasc Surg 
1985;26:280-2. 
12. Tromholt N, lorgensen SV, Hesse B, Hansen MS. In vivo 
demonstration of focal fibrinolytic activity in abdominal ortic 
aneurysms. Eur J Vasc Surg 1993;7:675-9. 
13. Miyata T, Tada Y, Takagi A, Oshima A, Shirakawa M, Idezuki 
Y. Disseminated intravascular coagulation caused by abdomi- 
nal aortic aneurysm. J Cardiovasc Surg 1988;29:2494-7. 
14. MacNeily AE, Graham AM. Coagulopathy induced by 
aorto-iliac aneurysms. Can J Surg 1988;31:27-30. 
15. Fowser LS, Morrow NE, Davis RB. Platelet dysfunction 
associated with abdominal ortic aneurysm. Am J Clin Pathol 
1980;74:701-5. 
16. Prentice C, McNicol G, Douglas A. Effect of blood coagula- 
tion, fibrinolysis and platelet aggregation of normal and 
atheromatous aortic tissue. J Clin Path 1966;19:154-8. 
17. Mulcare RJ, Royster TS, Weiss HJ, Phillips LL. Disseminated 
intravascular coagulation as a complication of abdominal 
aortic aneurysm repair. Ann Surg 1974;180:343-9. 
18. Cate JW, Timmers H, Becker AE. Coagulopathy in ruptured 
or dissecting aortic aneurysms. Am J Med 1975;59:171-6. 
19. Booth NA, Buckler PW, Dawson AA, Ah See AK, Bennett B. 
Haemorrhage associated with large abdominal aneurysms. 
Clin Lab Haematol 1984;64:123-31. 
20. Hinata S, Kawada T, Amndou N, Hoson M, Okada T, 
Yarnate N. Thoracoahdominal aneurysm repair complicated 
with disseminated intravascular coagulopathy-a c se of 
surgical treatment following heparin pretreatment. J Jpn 
Assoc Thorac Surg 1991;39:336-40. 
21. Mulcare RJ, Royster TS, Phillips LL. Intravascular coagula- 
tion in surgical procedures on the abdominal aorta. Surg 
Gynecol Obstet 1976;143:730-4. 
22. Milne AA, Murphy WG, Bradbury AW, Ruckley CV. 
Post-operative haemorrhage following aortic aneurysm re- 
pair. Eur J Vasc Surg 1994;8:622-6. 
23. Bradbury AW, Murie JA, Ruckley CV. The role of the 
leucocyte in the pathogenesis of vascular disease. Br J Surg 
1993;80:1503-12. 
24. Mukaiyama H, Shionoya S, Ikezawa T, Kamiya T, Hamagu- 
chi M, Saito H. Abdominal aortic aneurysms complicated 
with chronic disseminated intravascular coagulopathy: a case 
of surgical treatment. J VASC SURG 1987;6:600-4. 
25. Gibney EJ, Bouchier-Hayes D. Coagulopathy and abdominal 
aortic aneurysm. Eur J Vasc Surg 1990;4:557-62. 
26. Getaz EP, Louw JH. The coagulopathy associated with aortic 
aneurysm repair. Postgrad Med I 1977;53:668-71. 
27. Gloviczki P, Pairolero PC, Mucha P, et al. Ruptured 
abdominal aortic aneurysms: repair should not be denied. 
J VAsc 8URG 1992;15:851-9. 
28. Johannsen K. Ruptured abdominal ortic aneurysms: hould 
repair ever be denied? J Vasc SuR~ 1993;17:446-7. 
29. Magee TR, Scott DJ, Dunkley A, St. Johnston J, Campbell 
WB, Baird RN, Horrocks M. Quality of life following surgery 
for abdominal aortic aneurysm. Br J Surg 1992;79: 
1014-6. 
30. Milne AA, Bevan BH, Murphy WG, Bradbury AW, McDou- 
gall RD, Ruckley CV. Endothelial cell ultrastructure follow- 
ing aortic aneurysm rupture. An electron microscopy study. 
Br J Surg (In press). 
Submitted June 14, 1994; accepted Oct. 18, 1994. 
